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@ Removal of hydrogen sulfide. 



@ Improved processes are disclosed for the re- 
moval of hydrogen sulfide from feed streams by 
conversion of hydrogen sulfide and sulfur dioxide to 
elemental sulfur and water, e.g. Glaus process. The 
feed stream of the present invention is divided into 
two split streams wherein one is incinerated to form 
sulfur dioxide in the presence of oxygen. The sulfur 
dioxide is then separated from the water, nitrogen 
and other impurities and combined with the other 
split stream to form a reactor feed which is passed 
to a sulfur reaction zone for conversion to elemental 
sulfur. Due to the rejection of water, nitrogen and 
other impurities from the reactor inlet stream, a 
higher concentration of hydrogen sulfide and sulfur 
dioxide can be achieved in the sulfur reaction zone. 
As a result, the processes of the present invention 
can be used to increase the throughput of existing 
Glaus process plants and reduce the size of new 
Glaus process plants. 
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The present invention relates to the rennoval of 
hydrogen sulfide fronn feed streams and, more 
specifically, to improved processes for the removal 
of hydrogen sulfide from feed streams wherein the 
hydrogen sulfide is converted to elemental sulfur. 

Hydrogen sulfide is commonly present in the 
effluent streams from various processes in chemi- 
cal plants, refineries and natural gas plants. Typi- 
cally, the concentration of hydrogen sulfide in such 
streams ranges from about 20 to about 90 mole 
percent and occasionally up to 100 mole percent. 
Other components typically present in such 
streams include, for example, carbon dioxide, car- 
bon monoxide, carbonyl sulfide, carbon disulfide, 
water, light hydrocarbons, ammonia, hydrogen cya- 
nide and nitrogen. 

It is often necessary to reduce the concentra- 
tion of hydrogen sulfide in the above effluent 
streams to meet current environmental regulations 
which limit the amount of sulfur compounds, such 
as hydrogen sulfide and sulfur dioxide, which can 
be emitted to the atmosphere. Typical acceptable 
levels range from about 10 to 100 ppm of hy- 
drogen sulfide and from about 50 to 1000 ppm of 
sulfur dioxide. 

A common method for reducing the concentra- 
tion of hydrogen sulfide in process streams is to 
react hydrogen sulfide with sulfur dioxide to form 
elemental sulfur and water. This method is gen- 
erally known in the industry as the Glaus process. 
In the Glaus process, hydrogen sulfide is reacted 
with oxygen, e.g. air, by carefully controlled com- 
bustion to form a combustion product having a 
molar ratio of about two-thirds hydrogen sulfide to 
one-third sulfur dioxide. During the combustion, 
some elemental sulfur is formed, which is removed 
from the combustion product by cooling. Unreacted 
hydrogen sulfide and sulfur dioxide are passed to 
one or more catalytic reactors which typically com- 
prise a cobalt-molybdenum catalyst on an alumina 
support for further conversion to elemental sulfur. A 
detailed description of the Glaus process is pro- 
vided, for example, by Sander, et al., "Sulfur, Sul- 
fur Dioxide and Sulfuric Acid" The British Sulfur 
Corporation Ltd. (1984). 

One problem associated with the Glaus pro- 
cess is that the combustion forms water as a by- 
product. In addition, when air is used for combus- 
tion, the combustion product will comprise nitro- 
gen. Thus, yater and nitrogen then comprise a 
portion of the reactor feed along with feed impuri- 
ties, e.g. carbon dioxide. These components are 
inerts in the reaction of hydrogen sulfide and sulfur 
dioxide to form elemental sulfur and water, and 
have the effect of reducing the concentration and 
hence, partial pressure of the hydrogen sulfide and 
sulfur dioxide in the reactor feed. In fact, when air 
is used for combustion, 6 moles of nitrogen are 



introduced in the product per mole of sulfur dioxide 
formed. Thus, the dilution effect of the nitrogen is 
significant. As a result, the driving force for the 
reaction and the reaction rate are lower than a 

5 reactor feed without such inerts. Performing the 
combustion in the presence of pure oxygen or air 
enriched in oxygen, or increasing the total pressure 
during the reaction step, can increase the partial 
pressure of the reactants. However, the costs of 

10 providing pure oxygen or air enriched in oxygen 
can be prohibitively expensive. Furthermore, since 
the feed streams commonly treated by the Glaus 
process are at essentially ambient pressure, in- 
creasing the total pressure requires compression of 

75 the feed stream which is often uneconomical. An- 
other problem related to combustion is that the 
combustion step must be carefully controlled "in 
order to achieve the appropriate concentrations of 
hydrogen sulfide and sulfur dioxide in the reactor 

20 feed. 

The Glaus process typically operates at reac- 
tion efficiencies, i.e. conversion to elemental sulfur, 
of about 95 to 98 percent. Accordingly, since the 
conversion is incomplete, the tail-gas often must be 

25 treated prior to being emitted to the atmosphere. 
One method of treating the tail-gas is by simple 
incineration of the hydrogen sulfide to form sulfur 
dioxide. However, this method is often unaccep- 
table because the resulting sulfur dioxide concen- 

30 tration usually exceeds the acceptable environmen- 
tal limits. Another method for reducing the con- 
centration in the tail-gas is to hydrogenate the 
sulfur dioxide to hydrogen sulfide, recover the hy- 
drogen sulfide, such as by absorption, and recycle 

35 the hydrogen sulfide to the feed-end of the Glaus 
process. Another method is to incinerate the hy- 
drogen sulfide in the presence of oxygen to form 
sulfur dioxide, recover the sulfur dioxide, such as 
by absorption, and recycle the sulfur dioxide to the 

40 feed-end of the Glaus process. These options are 
known in the art and described, for example, by 
Sander, et al., supra, at pages 56 to 90. 

Although the Glaus process has been widely 
used commercially for the removal of hydrogen 

45 sulfide from feed streams, improved processes are 
desired which can reduce the concentrations of 
water and nitrogen and other impurities in the sul- 
fur conversion reactors and eliminate the need for 
the carefully controlled combustion step to provide 

50 the desired concentrations of feed reactants. in 
addition, new processes are desired which can be 
used to increase the throughput of existing Glaus 
process plants and reduce the size of new Glaus 
process plants. 

55 In accordance with the present invention, im- 

proved processes are provided for the removal of 
hydrogen sulfide from feed streams by conversion 
to elemental sulfur. By virtue of the present inven- 
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tion, the concentrations of hydrogen sulfide and 
sulfur dioxide in the reactor feed to the sulfur 
reaction zone can be Increased, as compared to a 
typical Claus process, by removing water, nitrogen 
and impurities, e.g. carbon dioxide, therefrom. Ac- 
cordingly, the driving force and, hence, the reaction 
rate to form elemental sulfur can be enhanced. As 
a result, processes of the present invention can be 
used to increase the throughput of existing Claus 
process plants and decrease the size of new Claus 
process plants. In addition, it is no longer neces- 
sary to perform a carefully controlled combustion 
step to achieve the desired concentrations of hy- 
drogen sulfide and sulfur dioxide in the sulfur reac- 
tion zone. 

In one aspect of the invention, there is pro- 
vided a process for removing hydrogen sulfide 
from a feed stream containing hydrogen sulfide 
and at least one feed impurity selected from car- 
bon dioxide, carbon monoxide, carbonyl sulfide, 
carbon disulfide, hydrocarbon having from about 1 
to 4 carbon atoms, nitrogen, ammonia, and hy- 
drogen cyanide. The process includes the steps of 
(a) dividing the feedstream into a first split stream 
and a second split stream; (b) passing the first split 
stream to an incineration zone wherein hydrogen 
sulfide is converted to sulfur dioxide and water in 
the presence of oxygen and withdrawing an incin- 
eration product stream comprising sulfur dioxide, 
water and a product impurity comprising at least 
one of the feed impurities or a derivative thereof; 
(c) passing the incineration product stream to a 
sulfur dioxide recovery zone wherein sulfur dioxide 
is separated from the incineration product stream 
and withdrawing a sulfur dioxide product stream 
comprising sulfur dioxide and a waste stream com- 
prising water and the product impurity; (d) combin- 
ing the second split stream with the sulfur dioxide 
product stream to form a reactor inlet stream com- 
prising hydrogen sulfide and sulfur dioxide; (e) 
passing the reactor inlet stream to a sulfur reaction 
zone wherein hydrogen sulfide and sulfur dioxide 
are converted to elemental sulfur and water and 
withdrawing a sulfur product stream comprising 
elemental sulfur and a tail-gas stream comprising 
water and said feed impurity or a derivative thereof. 

In another aspect of the invention, there Is 
provided a process for removing hydrogen sulfide 
from a feed stream which may or may not contain 
at least one of the aforementioned impurities. The 
process includes the steps of (a) dividing the feed- 
stream into a first split stream and a second split 
stream; (b) passing the first split stream and an 
oxidation stream comprising oxygen and nitrogen 
to an incineration zone wherein hydrogen sulfide is 
converted to sulfur dioxide and water and withdraw- 
ing an incineration product stream comprising sul- 
fur dioxide, water and nitrogen; (c) passing the 
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incineration product stream to an absorption zone 
wherein sulfur dioxide is separated from the incin- 
eration product stream by absorption with a solvent 
having absorptive capacity for sulfur dioxide and 

5 withdrawing a rich solvent stream comprising sulfur 
dioxide and a waste stream comprising water and 
nitrogen; (d) passing the rich solvent stream to a 
regeneration zone wherein sulfur dioxide is desor- 
bed from the rich solvent and withdrawing a sulfur 

10 dioxide product stream comprising sulfur dioxide 
and a lean solvent stream comprising the solvent; 
(e) recycling the lean solvent stream to the absorp- 
tion zone; (f) combining the second split stream 
with the sulfur dioxide product stream to form a 

16 reactor inlet stream comprising hydrogen sulfide 
and sulfur dioxide; (g) passing the reactor inlet 
stream to a sulfur reaction zone wherein hydrogen 
sulfide and sulfur dioxide are converted to elemen- 
tal sulfur and water and withdrawing a sulfur prod- 

20 uct stream comprising elemental sulfur and a tail- 
gas stream comprising water and said feed impu- 
rity or a derivative thereof. 

Figure 1 illustrates a process flow diagram of a 
process for the removal of hydrogen sulfide in 

25 accordance with the present invention. 

Feed streams suitable for processing in accor- 
dance with the present invention comprise hydro- 
gen sulfide, generally in concentrations of from 
about 20 to 100 mole percent, typically from about 

30 50 to 90 mole percent, based on the total feed 
stream composition. In addition, the feed streams 
typically comprise a feed impurity selected from 
the group consisting carbon dioxide, carbon mon- 
oxide, carbonyl sulfide, carbon disulfide, hydrocar- 

35 bons having from about 1 to 4 carbon atoms, 
nitrogen, ammonia, hydrogen cyanide and mixtures 
thereof. The feed streams also may comprise wa- 
ter. The sources of such feed streams include 
processes from refineries, chemical plants and nat- 

40 ural gas plants. Often, the feed streams comprise 
an effluent gas from hydrogen sulfide absorption 
processes. 

In accordance with the present invention, the 
feed stream is divided into a first split stream and a 

45 second split stream. The first split stream is 
passed to an incineration zone wherein hydrogen 
sulfide is converted to sulfur dioxide and water in 
the presence of oxygen. The second split stream, 
as hereinafter described, is subsequently combined 

50 with sulfur dioxide formed in the incineration zone 
to provide a reactor inlet stream for a sulfur reac- 
tion zone wherein the hydrogen sulfide and sulfur 
dioxide are converted to elemental sulfur and wa- 
ter. 

55 The split ratio between the first and second 

split streams depends on the concentration of reac- 
tants ultimately desired in the reactor inlet stream 
to the sulfur reaction zone. Typically, the flow rate 

3 
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ratio of the second split stream to the first split 
stream will be at least 0.5:1, preferably from about 
0.5:1 to 3:1 and more preferably from about 1:1 to 
about 3:1. Since the stoichiometric ratio of hy- 
drogen sulfide to sulfur dioxide in the sulfur reac- 
tion zone is two moles of hydrogen sulfide per 
mole of sulfur dioxide to form two moles of water 
and three moles of sulfur, the flow rate ratio of the 
second split stream to the first split stream will 
often be about 2:1. However, in some cases it may 
be desirable to adjust the ratio to below 2:1 such 
that there is a stoichiometric excess of sulfur diox- 
ide in the sulfur reaction zone in order to provide a 
reduced concentration of hydrogen sulfide in the 
product from the sulfur reaction zone. 

While it is possible that the oxygen required for 
incineration in the incineration zone may be 
present in the feed stream, it is more typical that 
oxygen will be introduced to the incineration zone. 
Typically, an oxidation stream comprising oxygen 
and nitrogen, such as air or air enriched in oxygen, 
is introduced to the incineration zone. In contrast to 
typical Claus processes, in accordance with the 
present invention it is not necessary or particularly 
advantageous to introduce pure oxygen or air en- 
riched in oxygen to the incineration zone. This is 
because nitrogen present in the product stream 
from the incineration zone is separated from the 
sulfur dioxide in a sulfur dioxide recovery zone and 
removed from the process, as hereinafter de- 
scribed. Thus, preferably, the oxygen is introduced 
as air. 

The operating conditions in the incineration 
zone include a temperature effective to convert 
hydrogen sulfide to sulfur dioxide, e.g. from about 
1000 to 1400"F, in the presence of oxygen. The 
pressure is typically from about 0.5 to 1.5 at- 
mospheres and preferably from about 0.9 to 1.2 
atmospheres. These pressure levels are also typi- 
cal of each of the other steps in the process of the 
present invention. Further details concerning incin- 
eration are known in the art. 

During the incineration step, incineration prod- 
uct impurities may be formed in addition to impuri- 
ties which may be present in the feed stream. For 
example, it is not uncommon for carbon monoxide 
to be converted to carbon dioxide. Thus, when a 
feed impurity is present in the feed stream, the 
product impurity from the incineration zone will 
comprise a feed impurity or a derivative thereof. If 
there are no feed impurities, but air is used for 
incineration, the product impurities will comprise 
nitrogen. In addition, duhng the incineration step, 
some elemental sulfur may be formed which can 
then be recovered from the process by known 
methods. 

Typically, the incineration product stream will 
be cooled to recover heat such as in a waste heat 
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boiler, which is used for steam generation. Such 
generated steam can be used in the process of the 
present invention or in other processes in the refin- 
ery, chemical plant or natural gas plant, as the 

5 case may be. 

The incineration product stream from the incin- 
eration zone is passed to a sulfur dioxide recovery 
zone wherein sulfur dioxide is separated from the 
incineration product stream to provide a sulfur diox- 

10 ide product stream comprising sulfur dioxide and a 
waste stream comprising water and product impuri- 
ties which may be present in the incineration prod- 
uct stream. The sulfur dioxide can be recovered by 
any suitable means, e.g., condensation, absorption, 

75 adsorption or the use of ion-exchange resins. For 
instance, if the concentration of product impurities 
is low, water can be simply condensed from the 
incineration product stream by cooling. However, 
more typically, it will be desirable to use a physical 

20 or chemical solvent having absorptive capacity for 
sulfur dioxide to separate the sulfur dioxide from 
water and product impurities, e.g., nitrogen and 
carbon dioxide, in the incineration product stream. 
Suitable solvents may include, for example, sul- 

25 fites. such as sodium sulfite; caustics, such as 
caustic soda; alkanolamines, such as mon- 
oethanolamine and triethanolamine; aromatic 
amines, such as dimethylaniline; diamines, such as 
piperazine and derivatives thereof; sterically hin- 

30 dered amines; or mixtures thereof. Preferred 
amines are those which comprise a water soluble 
half-salt of a diamine having a molecular weight of 
less than about 300 grams/gram mole in free- 
based form and a pKa value of about 4.5 to 7.3 for 

35 the free nitrogen atom in half-salt form. Examples 
of such preferred amines include 
N.N',N'-(trimethyl)-N-(2-hydroxyethyl)- 
ethylenediamine, 

N,N,N',N'-tetramethyl-ethylenediamine, 

40 N,N,N\N*-tetramethyl-diaminomethane, 
N.N,N',N'-tetrakis-(2-hydroxyethyI)- 
ethylenediamine, 
N.N'-dimethyipiperazine, 
N,N,N',N'-tetrakis-(2-hydroxyethyl)-1,3- 

45 diaminopropane, N',N'-dimethyl-N, 

N-bis(2-hydroxyethyl)-ethylenediamine, 
N-(2-hydroxyethyl)-piperazine. N,N'-bis (2-hydrox- 
yethyl)-piperazine, N-methyi-piperazine. and 
piperazine. Mixtures of such amines are also pre- 

50 ferred. Especially preferred amines include N,N',N'- 
(trimethyl)-N-(2-hydroxyethyl)-ethyIenediamine, N- 
(2-hydroxyethyl)-piperazine, and 
N,N'-bis(2-hydroxyethyl)-piperazine. Such amines 
are further described in detail in U.S. Patent No. 

55 5,019,361, issued fS/Iay 28. 1991. hereby incor- 
porated by reference herein. 

Preferably, the sulfur dioxide recovery zone 
comprises an absorption zone wherein sulfur diox- 

4 
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ide is separated from the incineration product 
stream by absorption with a solvent such as de- 
scribed above to provide a rich solvent stream 
comprising sulfur dioxide and the solvent and a 
waste stream comprising water and product impuri- 
ties. Preferably at least 80%, more preferably at 
least 90%, of the product impurities in the inciner- 
ation product stream are withdrawn in the waste 
stream. Typically, the concentration of sulfur diox- 
ide in the waste stream will be less than 500 ppm 
and often less than 100 ppm. Operating conditions 
in the absorption zone, such as temperature, pres- 
sure, solvent-to-feed ratios, and the like, are depen- 
dent upon the particular solvent employed and are 
generally known to those skilled in the art. The 
sulfur dioxide recovery zone preferably also com- 
prises a regeneration zone wherein sulfur dioxide is 
desorbed from the rich solvent stream to provide a 
sulfur dioxide product stream comprising sulfur 
dioxide and a lean solvent stream comprising the 
solvent. The operating conditions in the regenera- 
tion zone, such as temperature, pressure, steam 
rates, and the like, are dependent upon the particu- 
lar solvent employed and are generally known to 
those skilled in the art. 

Preferably, the sulfur dioxide product stream 
obtained from the sulfur dioxide recovery zone 
comprises greater than 95 mole percent sulfur 
dioxide and more preferably greater than 98 mole 
percent sulfur dioxide. The balance of the sulfur 
dioxide product stream will typically comprise wa- 
ter and product impurities such as, for example, 
nitrogen and carbon dioxide. 

The sulfur dioxide product stream is combined 
with the second split stream hereinbefore de- 
scribed to provide the desired ratio of hydrogen 
sulfide to sulfur dioxide in the reactor inlet stream 
to the sulfur reaction zone. Preferably, substantially 
the only impurities present in the reactor inlet 
stream will be those feed impurities contained in 
the second split stream. As a result, the concentra- 
tion of hydrogen sulfide and sulfur dioxide in the 
present invention will typically be higher than the 
concentration of such components in the reactor 
feed of a typical Claus process. Accordingly, it is 
feasible in accordance with the present invention to 
achieve increased reaction rates in the sulfur reac- 
tion zone without compressing the reactor inlet 
stream to increase the partial pressure of hydrogen 
sulfide and sulfur dioxide. Preferably, the sum of 
the concentrations of hydrogen sulfide and sulfur 
dioxide in the reactor inlet stream is greater than 
40 mole percent, more preferably, greater than 65 
mole percent and most preferably, greater than 75 
mole percent, e.g., from about 75 to 95 mole 
percent or higher. 

In the sulfur reaction zone, hydrogen sulfide 
and sulfur dioxide are converted to elemental sulfur 
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and water. Typically, the sulfur reaction zone will 
comprise one or more catalytic zones, e.g. Claus 
reactors, which contain a catalyst, such as a cobalt- 
molybdenum catalyst on an alumina support- Op- 
5 erating temperatures in the sulfur reaction zone are 
generally in the range of about 200 to 700 'F. 
Further details concerning alternate catalysts and 
specific operating conditions, including tempera- 
ture, space velocity and the like, are known to 

10 those skilled in the art. Preferably, the overall reac- 
tion efficiency of the process in converting hy- 
drogen sulfide and sulfur dioxide to elemental sul- 
fur is greater than 95 weight percent and more 
preferably, greater than 98 weight percent. Since, 

15 in accordance with the present invention, unconver- 
ted hydrogen sulfide and sulfur dioxide can be 
recycled, as further described below, it is not nec- 
essary to operate the sulfur reaction zone at maxi- 
mum efficiency. Thus, it may be desirable, for 

20 example, to reduce the number of catalytic stages, 
e.g., from 3 to 2, and operate at a lower reaction 
efficiency on a per-pass basis, e.g.. 75 weight 
percent. As a result, the overall economics of the 
process, for example, may be improved. Reaction 

25 efficiencies can be readily determined by dividing 
the weight of elemental sulfur produced in a given 
time period by the weight of sulfur introduced, 
either to the reaction zone (for per-pass efficien- 
cies) or in the feed stream (for overall efficiencies), 

30 as hydrogen sulfide and sulfur dioxide in the same 
time period. 

The sulfur dioxide reaction zone provides a 
sulfur product stream comprising elemental sulfur 
and a tail-gas stream comprising water and feed 

35 impurities which may have been present in the 
second split stream, or derivatives thereof. The tail- 
gas stream may also comprise low concentrations, 
e.g., less than about 2 weight percent, of product 
impurities. If the concentrations of hydrogen sulfide 

40 and sulfur dioxide are below environmental limits, 
the tail-gas stream can be directly vented to the 
atmosphere. Alternatively, the tail-gas stream, or a 
portion thereof, can be recycled to the incineration 
zone for further processing in accordance with the 

45 present invention. Recycling the tail-gas stream to 
the incineration zone is preferred when the con- 
centration of hydrogen sulfide in the tail-gas stream 
exceeds the environmental limit. Another option is 
to recycle the tail-gas stream, or a portion thereof, 

50 to the sulfur dioxide recovery zone for processing 
in accordance with the present invention. Recycling 
the tail-gas stream to the sulfur dioxide recovery 
zone is preferred when the concentration of hy- 
drogen sulfide is below the environmental timita- 

55 tion, but the concentration of sulfur dioxide ex- 
ceeds the environmental limitation. 

Since in accordance with the present invention, 
the sulfur dioxide recovery zone is integrated in the 

5 
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process upstream of the sulfur reaction zone, both 
the rejection of innpurities and clean-up of the tail- 
gas stream are provided in the sulfur dioxide re- 
covery zone. Thus, it is no longer necessary to 
provide a separate clean-up system on the tail-gas 
stream from the sulfur reaction zone, such as com- 
monly included in typical Claus processes. 

Figure 1 illustrates a process flow diagram in 
accordance with the present invention. The process 
flow diagram is provided for illustrative purposes 
and is not intended to limit the scope of the claims 
which follow. Those skilled in the art will recognize 
that the process flow diagram does not illustrate 
various common pieces of process equipment such 
as, for example, heat exchangers, pumps, com- 
pressors, fractionation columns, heaters, process 
control systems and the like. 

A tail-gas stream from a hydrogen sulfide ab- 
sorption unit in a natural gas plant containing about 
90 mole percent hydrogen sulfide and 10 mole 
percent carbon dioxide is introduced to the process 
by a line 10. The entire process operates at a 
pressure of about 0.5 to 1.5 atmospheres. Stream 
10 is divided to form a first split stream 11 contain- 
ing approximately 1/3 of the volume of stream 10 
and a second split stream 12 containing approxi- 
mately 2/3 of the volume of stream 10. An air 
stream is introduced to the process by a line 13 
and combined with line 11 to form line 14. A 
recycle stream 15 comprising hydrogen sulfide, 
sulfur dioxide and water, the source of which is 
hereinafter defined, is combined with line 14 to 
form an incineration zone feed stream which is 
passed by a line 16 to incineration zone 100. The 
incineration zone operates at a temperature of 
about 1100"F. A stoichiometric amount of oxygen 
sufficient to convert all of the hydrogen sulfide in 
line 16 to sulfur dioxide is supplied to the inciner- 
ation zone by the air in line 13. 

An incineration zone product stream compris- 
ing sulfur dioxide, nitrogen, water and carbon diox- 
ide is withdrawn from incineration zone 100 by a 
line 17 and passed to a sulfur dioxide absorption 
zone 200 wherein sulfur dioxide is recovered from 
the incineration zone product stream by contacting 
within an absorption solvent which is introduced to 
absorption zone 200 by a line 18, the source of 
which is hereinafter described. Absorption zone 
200 operates at a temperature of about 100 to 
200 ' F. 

A waste stream comprising carbon dioxide, wa- 
ter and nitrogen is withdrawn from absorption zone 
200 by a line 19. A rich solvent stream comprising 
sulfur dioxide is withdrawn from the absorption 
zone 200 by a line 20 and passed to a solvent 
regeneration zone 300 wherein sulfur dioxide is 
desorbed from the rich solvent. Solvent regenera- 
tion zone 300 operates at a temperature of about 
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150 to 300 "F. A lean solvent stream comprising 
the absorption solvent and having a reduced quan- 
tity of sulfur dioxide relative to rich solvent stream 
20 is withdrawn from solvent regeneration zone 300 
5 by line 18 and introduced to the absorption zone 
200 as hereinbefore described. 

The sulfur dioxide product stream is withdrawn 
from regeneration zone 300 by a line 21 and com- 
bined with the second split stream i.e., line 12, to 

10 form a reactor inlet stream which is passed to a 
sulfur reaction zone 400 by a line 22. The reactor 
inlet stream comprises approximately 62% hydro- 
gen sulfide, 31% sulfur dioxide and 7% carbon 
dioxide. Sulfur reaction zone 400 comprises two 

75 catalytic zones containing an alumina supported 
cobalt-molybdenum catalyst. The temperature in 
the first catalytic zone within sulfur reaction zone 
400 operates at a temperature from about 550 " F to 
600 ° F. The temperature in the second catalytic 

20 zone operates at a temperature of about 300 to 
350 "F. The space velocity through each catalytic 
stage is in the range of about 500 to 1000 Hrrfi 
gas/hr m- of catalyst, in the sulfur reaction zone 
elemental sulfur is formed by the reaction of hy- 

25 drogen sulfide and sulfur dioxide to form elemental 
sulfur and water. 

A sulfur product stream comprising elemental 
sulfur is withdrawn from reaction zone 400 by a 
line 23 and removed from the process. A tail-gas 

30 Stream comprising carbon dioxide, water and un- 
reacted hydrogen sulfide and sulfur dioxide is with- 
drawn from reaction zone 400 and recycled to 
incineration zone 100 by line 15 as hereinbefore 
described. 

35 Those skilled in the art will recognize that al- 

though the invention has been described with re- 
spect to specific aspects, other variations are in- 
cluded within the scope of the claims which follow. 
For example, instead of recycling the tail-gas 

40 stream to the incineration zone, it may be preferred 
to recycle the tail-gas stream directly to the sulfur 
recovery zone if the concentration of hydrogen 
sulfide is low, or, to utilize a separate sulfur recov- 
ery zone, if, for example, the bail-gas stream is not 

45 in close proximity to the sulfur dioxide recovery 
zone. In such a case, both the sulfur dioxide recov- 
ery zone and the additional absorption zone may. 
for example, share the same solvent circulation 
loop. Also, instead of recycling the tail-gas stream 

50 to the incineration zone, it may be preferred to 
pass the tail-gas stream to a separate incineration 
zone to form a converted tail-gas stream and re- 
cycle the converted tail-gas stream to the sulfur 
dioxide recovery zone. Furthermore, although the 

55 invention has been described with reference to 
particular process streams, the scope of the claims 
also includes portions of such streams. 
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Claims 

1. A process for removing hydrogen sulfide from 
a feed stream containing hydrogen sulfide and 
at least one feed impurity selected from the 
group consisting of carbon dioxide, carbon 
monoxide, carbonyl sulfide, carbon disulfide, 
hydrocarbon having from 1 to 3 carbon atoms, 
nitrogen, ammonia, and hydrogen cyanide, 
said process comprising; 

(a) dividing the feed stream into a first split 
stream and a second split stream 

(b) passing the first split stream to an incin- 
eration zone wherein hydrogen sulfide is . 
converted to sulfur dioxide and water in the 
presence of oxygen and withdrawing an in- 
cineration product stream comprising sulfur 
dioxide, water and a product impurity com- 
prising at least one of said feed impurities 
or a derivative thereof; 

(c) combining the second split stream with a 
portion of the incineration product stream to 
form a reactor inlet stream comprising hy- 
drogen sulfide and sulfur dioxide; and 

(d) passing the reactor inlet stream to a 
sulfur reaction zone wherein hydrogen sul- 
fide and sulfur dioxide are converted to ele- 
mental sulfur and water and withdrawing a 
sulfur product stream comprising elemental 
sulfur and a tail-gas stream comprising wa- 
ter and said feed impurity or a derivative 
thereof: 

characterized by the further step of pass- 
ing the incineration product stream to a sulfur 
dioxide recovery zone wherein sulfur dioxide is 
separated from the incineration product stream 
and withdrawing a sulfur dioxide product 
stream comprising sulfur dioxide and a waste 
stream comprising water and said product im- 
purity; said sulfur dioxide product stream com- 
prising the portion of the incineration product 
stream which Is combined with the second 
split stream to form said reactor inlet stream. 

2. The process of claim 1 wherein at least about 
80% of the product impurity in the incineration 
product stream is separated from sulfur diox- 
ide in the sulfur dioxide recovery zone and 
withdrawn in the waste stream. 

3. The process of claim 1 or 2 wherein the tail- 
gas stream further comprises unreacted hy- 
drogen sulfide and sulfur dioxide. 

4. The process of claim 3 further comprising re- 
cycling the tail-gas stream to the incineration 
zone. 



5. The process of any one of claims 1-3 wherein 
the flow rate ratio of the second split stream to 
the first split stream is effective to provide 
stoichiometric excess of sulfur dioxide in the 

5 reactor inlet stream. 

6. The process of claim 5 further comprising re- 
cycling the tail-gas stream to the sulfur dioxide 
recovery zone. 

10 

7. The process of any one of claims 1-6 wherein 
sulfur dioxide is separated from the inciner- 
ation product stream by absorbing sulfur diox- 
ide with a solvent comprising a water soluble 

16 half-salt of a diamine having a molecular 

weight of less than about 300 grams/gram 
mole in free-based form and a pKa value of 
about 4.5 to 7.3 for the free nitrogen atom in 
half-salt form. 

20 

8. The process of claim 7 wherein the absorbent 
is selected from N,N'.N'-(trimethyl)-N-(2- 
hydroxyethyl)-ethylenediamine. N-(2-hydrox- 
yethyl)-piperazine. and N,N'-bis(2-hydrox- 

25 yethyl)-piperazine. 

9. The process of any one of claims 1-8 wherein 
the sum of the concentrations of hydrogen 
sulfide and sulfur dioxide in the reactor inlet 

30 stream is greater than about 75 mole percent. 

10. The process of any one of claims 1-9 further 
comprising converting the hydrogen sulfide 
present in the tail-gas stream to sulfur dioxide 

35 to form a converted tail-gas stream and re- 

cycling the converted tail-gas stream to the 
sulfur dioxide recovery zone. 
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